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(54) AIR FUEL RATIO CONTROLLER FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To execute a sub-feedback control for 
making response and stability compatible by correctly changing the 
control to a proper control condition corresponding to the 
operating state of an internal combustion engine or the change of 
the catalyst condition in a system executing a main/sub-feedback 
control using an intermediate target value. 
SOLUTION: Exhaust gas sensors 24, 25 are provided on an 
upstream side and a downstream side of the catalyst 23 
respectively to set the intermediate target value based on the 
output of the exhaust gas sensor 25 on the downstream side at the 
last calculation time and the final target value (final downstream 
side target air fuel ratio). The correction amount for the upstream 
side target air fuel ratio is calculated based on the deviation 
between the output of the current downstream side exhaust gas 
sensor 25 and the intermediate target value. In this case at least 
one of the updated amount of the intermediate target value, an 
updated speed, a control gain of the sub-feedback control, a 
control cycle and a control range is changed corresponding to a 
parameter related to the exhaust gas flow amount or catalyst 
reaction speed, thus executing the highly responsive sub-feedback control faithfully following the change 
of the operational condition and the change of the catalyst 23 condition. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The upstream exhaust gas sensor and downstream exhaust gas sensor which detect the air-fuel ratio of 
exhaust gas, or rich/Lean by the upstream and the downstream of a catalyst for emission gas purification, 
respectively, The feed-back-control-of-air-fuel-ratio means which carries out feedback control of the fuel oil 
consumption so that the detection air-fuel ratio of said upstream exhaust gas sensor may turn into an upstream 
target air-fuel ratio, An intermediate objective value setting-out means to set up an intermediate objective value 
based on the detection air-fuel ratio of the past of said downstream exhaust gas sensor, and a final downstream 
target air- fuel ratio, In the air- fuel ratio control system of the internal combustion engine having a sub feedback 
control means to perform sub feedback control which amends said upstream target air-fuel ratio based on the 
detection air-fuel ratio and said intermediate objective value of said downstream exhaust gas sensor It responds 
to the parameter relevant to an internal combustion engine's operational status or the condition of said catalyst. 
The air-fuel ratio control system of the internal combustion engine characterized by having the amount of 
updating of said intermediate objective value, an update rate, the control gain of said sub feedback control, the 
control period, and a control amendment means to change at least one of control ranges. 

[Claim 2] Said control amendment means is the air- fuel ratio control system of the internal combustion engine 
according to claim 1 characterized by changing at least one of the amount of updating of said intermediate 
objective value, an update rate, the control gain of said sub feedback control, a control period, and control 
ranges according to the parameter relevant to the amount of emission, or a catalytic-reaction rate. 
[Claim 3] Said intermediate objective value setting-out means is the air-fuel ratio control system of the internal 
combustion engine according to claim 1 or 2 which adds the value which carried out the multiplication of the 
attenuation factor to the deflection of the detection air- fuel ratio of the past of said downstream exhaust gas 
sensor, and a final downstream target air-fiiel ratio, and a final downstream target air-fuel ratio, calculates said 
intermediate objective value, and is characterized by said control amendment means changing said attenuation 
factor according to the parameter relevant to said internal combustion engine's operational status, or the 
condition of said catalyst. 

[Claim 4] The amount of amendments of said upstream target air-fuel ratio is calculated with said sub feedback 
control means restricting the value calculated by the proportional plus integral action to the deflection of the 
detection air-fuel ratio of said downstream exhaust gas sensor, and said intermediate objective value in a 
predetermined control range. Said control amendment means is the air- fuel ratio control system of the internal 
combustion engine according to claim 1 to 3 characterized by changing the gain and/or said control range of 
said proportional plus integral action according to the parameter relevant to said internal combustion engine's 
operational status, or the condition of said catalyst. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the air- fuel ratio control system of the internal combustion 
engine which installs an air- fuel ratio sensor (linear A/F sensor) or an oxygen sensor in the upstream and the 
downstream of a catalyst for emission gas purification, respectively, and does feedback control of an internal 
combustion engine's air-fuel ratio. 
[0002] 

[Description of the Prior Art] Although today's automobile installs a three way component catalyst in an 
exhaust pipe and he is trying to purify exhaust gas, in order to raise the rate of emission gas purification of a 
catalyst, it needs to control the air-fuel ratio of exhaust gas in the clarification window of a catalyst (near 
theoretical air fuel ratio). Then, an exhaust gas sensor (an air- fuel ratio sensor or oxygen sensor) is installed in 
the upstream and the downstream of a catalyst, respectively, and while carrying out feedback control of the fuel 
oil consumption so that the air-fuel ratio of the exhaust gas detected by the upstream exhaust gas sensor may 
turn into an upstream target air- fuel ratio, there are some which were made to carry out sub feedback control 
which amends an upstream target air-fuel ratio so that the air-fuel ratio of the exhaust gas detected by the 
downstream exhaust gas sensor may turn into a downstream target air- fuel ratio. 

[0003] In such Maine / a subfeedback system, enlarging the amount of updating of a feed-back-control-of- air- 
fuel-ratio constant (for example, the amount of skips) is proposed, so that the deflection of the detection air-fuel 
ratio of a downstream exhaust gas sensor and a downstream target air- fuel ratio becomes large, as shown in the 
patent No. 25 1 8247 official report. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, it cannot be said that it is enough as the responsibility 
of the sub feedback control to change of the dynamic characteristics of a catalyst although the dynamic 
characteristics of a catalyst changes with the degradation degree of a catalyst, Lean / rich component adsorbed 
state within a catalyst, and engine operation conditions. [ of the above-mentioned conventional Maine / 
subfeedback system ] For this reason, the response delay of sub feedback control occurs to change of the 
dynamic characteristics of a catalyst, the air- fuel ratio (output of a downstream exhaust gas sensor) of the 
catalyst downstream may become unstable, and hunting may occur. 

[0005] Then, in order to cancel this fault, this invention persons set up the intermediate objective value of sub 
feedback control based on the detection air-fuel ratio of the past of a downstream exhaust gas sensor, and a final 
downstream target air- fuel ratio, turn to utilization the system which performs sub feedback control which 
amends an upstream target air-fuel ratio based on the deflection of the detection air- fuel ratio of a downstream 
exhaust gas sensor, and said intermediate objective value, and are developing it as indicated by the description 
of an application for patent No. 404671 [ 2000 to ]. 

[0006] In making this system utilization, the following new technical technical problems have become clear. 
That is, the catalyst has a big delay system (the dead time and time constant), and it changes with the amount of 
emission, or catalytic-reaction rates a lot. In that case, if it suits on late conditions in order to prevent hunting, 
the renewal of an intermediate objective value (responsibility of sub feedback control) used for sub feedback 
control Although renewal of an intermediate objective value becomes moderate when there are few amounts of 
emission, or when a catalytic-reaction rate is slow (when the clarification engine performance of a catalyst is 
falling) When there are many amounts of emission, or when a catalytic-reaction rate is quick, the renewal of 
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medium desired value (responsibility of sub feedback control) becomes slow too much, and cannot secure 
sufficient emission-gas-purification engine performance. 

[0007] This invention is made in consideration of such a situation. Therefore, the object In the system which 
performs Maine / sub feedback control using an intermediate objective value Sub feedback control who 
reconciled responsibility and stability while changing into a proper control condition according to change of an 
internal combustion engine's operational status or the condition of a catalyst can be performed. It is in offering 
the air-fuel ratio control system of the internal combustion engine which can secure the stable emission-gas- 
purification engine performance influenced by neither an internal combustion engine's operational status nor the 
condition of a catalyst. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the air-fuel ratio control system 
of the internal combustion engine of claim 1 of this invention Based on the detection air-fuel ratio of the past of 
a downstream exhaust gas sensor, and a final downstream target air- fuel ratio, the intermediate objective value 
of sub feedback control is set up. In what performs sub feedback control which amends an upstream target air- 
fuel ratio based on the deflection of the detection air- fuel ratio of a downstream exhaust gas sensor, and said 
intermediate objective value According to the parameter relevant to an internal combustion engine's operational 
status or the condition of said catalyst, at least one of the amount of updating of said intermediate objective 
value, an update rate, the control gain of said sub feedback control, a control period, and control ranges is 
changed with a control amendment means. If it does in this way, sub feedback control who reconciled 
responsibility and stability can be performed changing into a proper control condition according to change of an 
internal combustion engine's operational status or the condition of a catalyst, and the stable emission-gas- 
purification engine performance influenced by neither an internal combustion engine's operational status nor the 
condition of a catalyst can be secured. 

[0009] As a parameter relevant to an internal combustion engine's operational status here For example, the 
amount of emission, an inhalation air content, an engine speed, pressure-of-induction-pipe force, A throttle 
opening, the vehicle speed, cooling water temperature, an exhaust-gas temperature, an idle switch signal, As a 
parameter relevant to the condition of a catalyst, that what is necessary is just to use any one or two or more 
parameters out of the elapsed time after start up etc. It is 02 of a catalyst de-activation degree and a catalyst 
whenever [ catalytic-reaction rate and catalyst temperature ] (the alternative with an exhaust-gas temperature, 
the elapsed time after start up, etc. is possible). What is necessary is just to use any one or two or more 
parameters out of the amount of storage (Lean / rich component amount of adsorption) etc. 
[0010] In this case, it is good to change at least one of the amount of updating of said intermediate objective 
value, an update rate, the control gain of said sub feedback control, a control period, and control ranges like 
claim 2 according to the parameter relevant to the amount of emission, or a catalytic-reaction rate in 
consideration of the delay system (the dead time and time constant) by the catalyst changing with the amount of 
emission, or catalytic-reaction rates a lot. If it does in this way, it is stabilized in change of the delay system (the 
dead time and time constant) by the catalyst, and sub feedback control of the high response followed with the 
sufficient response can be carried out to it. 

[001 1] Moreover, the value which carried out the multiplication of the attenuation factor to the deflection of the 
detection air-fuel ratio of the past of a downstream exhaust gas sensor and a final downstream target air-fuel 
ratio, and a final downstream target air- fuel ratio are added like claim 3, an intermediate objective value is 
calculated, and you may make it change an attenuation factor according to the parameter relevant to an internal 
combustion engine's operational status or the condition of a catalyst. If it does in this way, while being able to 
set up medium desired value by easy data processing, the control condition which followed change of an 
internal combustion engine's operational status or the condition of a catalyst can be changed by easy data 
processing. 

[0012] Moreover, the amount of amendments of an upstream target air- fuel ratio is calculated, and you may 
make it change the gain (control gain) and/or the control range of a parameter ****** proportional plus integral 
action relevant to an internal combustion engine's operational status or the condition of a catalyst with 
restricting the value calculated by the proportional plus integral action to the deflection of the detection air-fuel 
ratio of a downstream exhaust gas sensor, and an intermediate objective value in a predetermined control range 
like claim 4. If it does in this way, while being able to make change of the dynamic characteristics of a catalyst 
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reflect in the amount of amendments of an upstream target air-fuel ratio with a sufficient response, the control 
condition which followed change of an internal combustion engine's operational status or the condition of a 
catalyst can be changed by easy data processing. 
[0013] 

[Embodiment of the Invention] The operation gestalt (1) of this invention is explained based on drawing 1 
thru/or drawing 6 below [an operation gestalt (1)]. First, based on drawing 1 , the outline configuration of the 
whole engine control system is explained. An air cleaner 13 is formed in the maximum upstream section of the 
inlet pipe 12 of the engine 1 1 which is an internal combustion engine, and the air flow meter 14 which detects 
an inhalation air content is formed in the downstream of this air cleaner 13 at it. The throttle valve 15 is formed 
in the downstream of this air flow meter 14. 

[0014] Furthermore, a surge tank 17 is formed in the downstream of a throttle valve 15, and the inlet manifold 
19 which introduces air into this surge tank 17 at each cylinder of an engine 1 1 is formed. Near the inlet port of 
the inlet manifold 19 of each cylinder, the fuel injection valve 20 which injects a fuel, respectively is attached. 
Moreover, the ignition plug 21 is attached in the cylinder head of an engine 1 1 for every cylinder. 
[0015] On the other hand, in the middle of the exhaust pipe 22 of an engine 1 1 , the catalysts 23, such as a three 
way component catalyst which purifies CO, HC, NOx, etc. in exhaust gas, are installed. The exhaust gas sensors 
24 and 25 which detect an exhaust gas air-fuel ratio, or rich/Lean, respectively are installed in the upstream and 
the downstream of this catalyst 23. or [ that the air- fuel ratio sensor (linear A/F sensor) by which the upstream 
exhaust gas sensor 24 outputs the linear air-fuel ratio signal according to an exhaust gas air-fuel ratio is used 
with this operation gestalt, and the downstream exhaust gas sensor 25 has the rich air- fuel ratio of exhaust gas 
to theoretical air fuel ratio ] — the oxygen sensor which output voltage reverses depending on whether you are 
Lean is used. Therefore, the downstream exhaust gas sensor 25 generates about [ 0.1V ] output voltage, when an 
air- fuel ratio is Lean, and when an air-fuel ratio is rich, it generates about [ 0.9V ] output voltage. In addition, 
the coolant temperature sensor 26 which detects cooling water temperature, and the rotational-speed sensor 27 
which detects an engine speed are attached in the cylinder block of an engine 1 1 . 
[0016] The engine control circuit (it is written as "ECU" below) 28 is constituted considering the 
microcomputer which consists of the backup RAM 33 backed up with ROM29, RAM30, CPU31, and a dc- 
battery 32, input port 34, and output port 35 grade as a subject. While the output signal of the rotational-speed 
sensor 27 is inputted, the output signal of an air flow meter 14, the upstream and the downstream exhaust gas 
sensors 24 and 25, and a coolant temperature sensor 26 is inputted into input port 34 through AID converter 36, 
respectively. Moreover, the fuel injection valve 20 and the ignition plug 21 grade are connected to the output 
port 35 through the actuation circuit 39. 

[0017] ECU28 carries out feedback control of the air- fuel ratio (fuel oil consumption) by performing the Air 
Fuel Ratio Control program so that the air-fuel ratio of exhaust gas may turn into a target air-fuel ratio, while 
controlling actuation of a fuel injection valve 20 or an ignition plug 21 by performing the fuel-injection control 
program memorized by ROM29 and an ignition control program by CPU3 1 . 

[0018] Hereafter, the feed-back-control-of-air-fuel-ratio system of this operation gestalt (1) is explained based 
on drawing 2 and drawing 3 . The block diagram showing the function of an Air Fuel Ratio Control means 40 to 
realize drawing 2 by the data-processing function of CPU31 here, and drawing 3 R> 3 are the block diagrams 
showing the function of the whole feed-back-control-of-air-fuel-ratio system. 

[0019] The Air Fuel Ratio Control means 40 consists of the fuel-oil-consumption feedback control section 41 
and the target air-fuel ratio count section 42, and the target air-fuel ratio count section 42 consists of the load 
target air-fuel ratio count section 43 and the target air-fuel ratio amendment section 44. 

[0020] For the fuel-oil-consumption feedback control section 41, the detection air- fuel ratio AF of the upstream 
exhaust gas sensor 24 is the upstream target air- fuel ratio AFref. It is the fuel injection duration Tinj of a fuel 
injection valve 20 so that it may converge. It computes. This fuel injection duration Tinj Calculation is 
performed by the optimal regulator built to the linear equation of the model of a controlled system. This fuel- 
oil-consumption feedback control section 41 plays the role equivalent to the feed-back-control-of-air-fuel -ratio 
means as used in the field of a claim. 

[0021] On the other hand, the load target air- fuel ratio count section 43 computes the load target air-fuel ratio 
AFbase according to an inhalation air content (or pressure-of-induction-pipe force) and an engine speed on the 
function expression or map memorized by ROM29. The function expression or map for computing this load 
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target air-fuel ratio AFbase Output 02out (detection air-fuel ratio) of the downstream exhaust gas sensor 25 
when equal to policy objective value 02targ (final downstream target air-fuel ratio) steady almost Upstream 
target air-fuel ratio AFref If it maintains to the load target air-fuel ratio AFbase, output 02out of the 
downstream exhaust gas sensor 25 will be policy objective value 02targ. It is beforehand set up by trial etc. so 
that it may be maintained near. 

[0022] Moreover, based on output 02out of the downstream exhaust gas sensor 25, intermediate objective value 
02midtarg mentioned later is used for the target air-fuel ratio amendment section 44, and it is the upstream 
target air- fuel ratio AFref. The amount AFcomp of amendments is computed. And it is the upstream target air- 
fuel ratio AFref by adding this amount AFcomp of amendments to the load target air-fuel ratio AFbase. It asks 
and is this upstream target air-fuel ratio AFref It inputs into the fuel-oil-consumption feedback control section 
41. 

It replaces with AFref =AFbase+ AFcomp, in addition a top type, and is the upstream target air-fuel ratio AFref 
by the degree type. You may compute. 

AFref =(l+AFcomp) xAFbase [0023] In this case, the target air-fuel ratio count section 42 (the load target air- 
fuel ratio count section 43 and target air-fuel ratio amendment section 44) plays the role equivalent to the sub 
feedback control means as used in the field of a claim. 

[0024] Next, medium desired value 02midtarg is set up in the target air-fuel ratio amendment section 44, and it 
is the upstream target air-fuel ratio AFref. How to compute the amount AFcomp of amendments is explained 
based on drawing 3 . Let a controlled system be the system which consists of the fuel-oil-consumption feedback 
control section 41, a fuel injection valve 20, an engine 1 1, a catalyst 23, and downstream exhaust gas sensor 25 
grade. For the target air- fuel ratio amendment section 44, it consists of the time lag element (1/z) 45, the 
intermediate objective value count section 46, the attenuation factor setting-out section 47, and the amount 
count section 48 of amendments, and the time lag element 45 is output 02out (i-1) of the downstream exhaust 
gas sensor 25 at the time of an operation last time. It inputs into the intermediate objective value count section 
46. 

[0025] On the other hand, the intermediate objective value count section 46 plays the role equivalent to the 
intermediate objective value setting-out means as used in the field of a claim, and is output 02out (i-1) of the 
downstream exhaust gas sensor 25 at the time of an operation last time. It is based on policy objective value 
02targ (i) (final downstream target air-fuel ratio), and is intermediate objective value 02midtarg (i). It 
calculates using the following (1) type. Thereby, it is output 02out (i-1) of the downstream exhaust gas sensor 
25 at the time of an operation last time. It is intermediate objective value 02midtarg (i) between policy 
objective value 02targ(s) (i). It is set up. 
02midtarg (i) =02targ(i)+Kdec x {02out (i-l)-02targ (i)} 
....(1) 

[0026] Setting at a top ceremony, 02targ (i) is this policy objective value and 02out (i-1). It is the output of the 
downstream exhaust gas sensor 25 at the time of an operation last time. Moreover, Kdec It is a damping factor, 
is the damping-factor setting-out section 47, and is set up within the limits of 0<Kdec <1 according to the 
parameter relevant to an engine operation condition or the condition of a catalyst 23. As a parameter relevant to 
an engine operation condition here For example, the amount of emission, an inhalation air content, an engine 
speed, pressure-of-induction-pipe force, A throttle opening, the vehicle speed, cooling water temperature, an 
exhaust-gas temperature, an idle switch signal, As a parameter parameter relevant to the condition of a catalyst 
23, that what is necessary is just to use any one or two or more parameters out of the elapsed time after start up 
etc. They are the degradation degree of a catalyst 23, and 23 catalyst02 whenever [ catalytic-reaction rate and 
catalyst temperature ] (the alternative with an exhaust-gas temperature, the elapsed time after start up, etc. is 
possible). What is necessary is just to use any one or two or more parameters out of the amount of storage 
(Lean / rich component amount of adsorption) etc. 

[0027] In consideration of the delay system (the dead time and time constant) by the catalyst 23 changing with 
the amount of emission, or catalytic-reaction rates a lot with this operation gestalt (1), the attenuation factor 
setting-out section 47 responds to the parameter relevant to the amount of emission, or a catalytic-reaction rate, 
and is an attenuation factor Kdec by the map or formula of drawing 4 . It sets up. Here, of course as a parameter 
relevant to the amount of emission, you may carry out [ that what is necessary is just to use any one or two or 
more parameters out of an inhalation air content, an engine speed, the pressure-of-induction-pipe force, a 
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throttle opening, etc. ] as [ compute / from these parameters / the amount of emission ]. Moreover, as a 
parameter relevant to a catalytic-reaction rate, they are the degradation degree of a catalyst 23, and 23 
catalyst02 whenever [ catalyst temperature ] (the alternative with an exhaust-gas temperature, the elapsed time 
after start up, etc. is possible). You may make it compute a catalytic-reaction rate from these parameters, of 
course that what is necessary is just to use any one or two or more parameters out of the amount of storage 
(Lean / rich component amount of adsorption) etc. 

[0028] The amount of emission the property of the attenuation factor setting-out map of drawing 4 few (a 
catalytic-reaction rate is ) indeed Attenuation factor Kdec It becomes large and is intermediate objective value 
02midtarg (i). In order that the amount of updating may become large and the amount of emission may prevent 
many (a catalytic-reaction rate is ) hunting indeed Attenuation factor Kdec It becomes small and is intermediate 
objective value 02midtarg (i). It is set up so that the amount of updating may become small. In addition, the 
attenuation factor setting-out section 47 plays the role equivalent to the control amendment means as used in the 
field of a claim. 

[0029] Attenuation factor Kdec set up in the attenuation factor setting-out section 47 as mentioned above It uses 
and is intermediate objective value 02midtarg (i) at the intermediate objective value count section 46. This 
intermediate objective value 02midtarg after calculating (i) It uses and is the upstream target air- fuel ratio 
AFref by the degree type. The amount AFcomp of amendments (i) is computed. 
AFcomp (i) =Fsat {Kl x(02midtarg (i)-02out(i))+K2 xsigma (02midtarg (i)-02out(i))} 
= Fsat (Kl xdelta02(i)+K2 xsigmadelta02 (i)) 

However, delta02(i) =02midtarg (i) -02out(i) [0030] It sets at a top ceremony and is Fsat. It is the saturation 
function of a property as shown in drawing 5 , and is the amount AFcomp of amendments (i). Guard processing 
of the operation value of Kl xdelta02(i)+K2 xsigma (delta02 (i)) is carried out with an upper limit guard value 
and a minimum guard value, and it asks. It sets at a top ceremony and is Kl. Proportional gain and K2 It is 
integral gain. Kl xdelta02(i) is a proportional and is intermediate objective value 02midtarg (i). Output 02out 
(i) of the downstream exhaust gas sensor 25 It becomes large, so that deflection delta02 (i) becomes large. 
Moreover, K2 xsigmadelta02 (i) is an integral term, and is intermediate objective value 02midtarg (i). Output 
02out(i) of the downstream exhaust gas sensor 25 It becomes large, so that the integrated value of deflection 
delta02 (i) becomes large. The amount AFcomp of amendments (i) Guard processing of the value which added 
and searched for the proportional and the integral term is carried out with an upper limit guard value and a 
minimum guard value, and it asks. 

[003 1 ] The amount AFcomp of amendments by the target air-fuel ratio amendment section 44 explained above 
(i) Calculation is performed according to the amount calculation program of amendments of drawing 6 . This 
program is performed for every predetermined time and every predetermined crank angle. When this program is 
started, it is output 02out(i) of the current downstream exhaust gas sensor 25 at step 101 first. It reads and the 
parameter relevant to the amount of emission or a catalytic-reaction rate is read at the following step 102. 
[0032] Here, of course as a parameter relevant to the amount of emission, you may carry out [ that what is 
necessary is just to use any one or two or more parameters out of an inhalation air content, an engine speed, the 
pressure-of-induction-pipe force, a throttle opening, etc. ] as [ compute / from these parameters / the amount of 
emission ]. Moreover, you may make it compute [ whenever / catalyst temperature / (the alternative with an 
exhaust-gas temperature, the elapsed time after start up, etc. is possible) ] a catalytic-reaction rate from these 
parameters, of course as a parameter relevant to a catalytic-reaction rate that what is necessary is just to use any 
one or two or more parameters out of the degradation degree of a catalyst 23, the amount of 02 storage of a 
catalyst 23 (Lean / rich component amount of adsorption), etc. 

[0033] Then, it responds to the parameter relevant to the amount of emission, or a catalytic-reaction rate at step 
103, and is an attenuation factor Kdec by the map or formula of drawing 4 . It sets up. And it is this attenuation 
factor Kdec at the following step 104. It uses and is output 02out (i-1) of the downstream exhaust gas sensor 25 
at the time of an operation last time. It is based on policy objective value 02targ (i) (final downstream target 
air- fuel ratio), and is intermediate objective value 02midtarg (i). It computes using the aforementioned (1) 
formula. Thereby, it is output 02out (i-1) of the downstream exhaust gas sensor 25 at the time of an operation 
last time. It is intermediate objective value 02midtarg (i) between policy objective value 02targ(s) (i). It is set 
up. 

[0034] Then, it progresses to step 105 and is intermediate objective value 02midtarg (i). Output 02out(i) of the 
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downstream exhaust gas sensor 25 Deflection delta02 (i) is computed. 

delta02(i) =02midtarg (i) It is the deflection delta02 to last time at -02out(i) and step 106 of a degree. This 
deflection delta02 (i) is integrated to an integrated value sigmadelta02 (i-1), and it is the deflection delta02 by 
this time. An integrated value sigmadelta02 (i) is calculated. 

sigmadelta02(i) =sigmadelta02(i-l)+delta02(i) [0035] Then, it progresses to step 107 and is the upstream 
target air- fuel ratio AFref. The amount AFcomp of amendments (i) It computes by the degree type. 
AFcomp (i) =Fsat (Kl xdelta02(i)+K2 xsigmadelta02 (i)) 

Thereby, it is the upstream target air- fuel ratio AFref. The amount AFcomp of amendments (i) Guard 
processing of the value which added and searched for the proportional (Klxdelta02(i)) and the integral term 
(K2 xsigmadelta02 (i)) is carried out with an upper limit guard value and a minimum guard value, and it asks. 
And at the following step 108, this delta02 (i) and sigmadelta02 (i) are memorized as delta 02 [ last ] (i-1) and 
sigmadelta02 [ last ] (i-1), respectively, and this program is ended. 

[0036] During engine operation, it is the upstream target air-fuel ratio AFref by adding the amount AFcomp of 
amendments which computed the load target air-fuel ratio AFbase according to an inhalation air content (or 
pressure-of-induction-pipe force) and an engine speed, and was computed by the amount calculation program of 
amendments of above-mentioned drawing 6 to the load target air-fuel ratio AFbase. It asks and the detection air- 
fuel ratio AF of the upstream exhaust gas sensor 24 is the upstream target air-fuel ratio AFref. Fuel injection 
duration Tinj (fuel oil consumption) is computed so that it may converge. 

[0037] According to this operation gestalt (1) explained above, it takes into consideration that the delay system 
(the dead time and time constant) by the catalyst 23 changes with the amount of emission, or catalytic-reaction 
rates a lot. It responds to the parameter relevant to the amount of emission, or a catalytic-reaction rate, and is an 
attenuation factor Kdec. It changes and is intermediate objective value 02midtarg (i). Since the amount of 
updating was changed It can be stabilized, sub feedback control of the high response followed with the 
sufficient response to change of the delay system (the dead time and time constant) by the catalyst 23 can be 
performed, and the stable emission-gas-purification engine performance influenced by neither an engine 
operation condition nor the condition of a catalyst 23 can be secured. 

[0038] In addition, at this operation gestalt (1), it is an attenuation factor Kdec. By changing, it is intermediate 
objective value 02midtarg (i). Although the amount of updating was changed, it is intermediate objective value 
02midtarg (i) with approaches other than this. You may make it change the amount of updating. Or it responds 
to the parameter relevant to the amount of emission, or a catalytic-reaction rate, and is intermediate objective 
value 02midtarg (i). You may make it change an updating period (update rate). 

[0039] With the [operation gestalt (2)] above-mentioned implementation gestalt (1), it responds to the parameter 
relevant to the amount of emission, or a catalytic-reaction rate, and is an attenuation factor Kdec. Although it 
was made to make sub feedback control follow change of the delay system (the dead time and time constant) by 
the catalyst 23 with a sufficient response by changing With the operation gestalt (2) of this invention shown in 
drawing 7 thru/or drawing 9 According to the parameter relevant to the amount of emission, or a catalytic- 
reaction rate, as shown in drawing 7 and drawing 8 , it is proportion / integral gain Kl and K2. By changing a 
control range (an upper limit guard value and minimum guard value) He is trying to make sub feedback control 
follow change of the delay system (the dead time and time constant) by the catalyst 23 with a sufficient 
response. 

[0040] The property of a map of changing the proportional gain Kl (integral gain K2) of drawing 7 
Proportional gain Kl (integral gain K2) becomes [ the amount of emission ] few (a catalytic-reaction rate is ) 
greatly indeed. It is set up so that a control rate becomes quick, proportional gain Kl (integral gain K2) may 
become small in order that the amount of emission may prevent many (a catalytic-reaction rate is ) hunting 
indeed, and a control rate may become slow. 

[0041] Moreover, there are few amounts of emission (a catalytic-reaction rate is ), and a control range becomes 
narrow, there are many amounts of emission (a catalytic-reaction rate is ), and indeed, the property of a map of 
changing the control range (an upper limit guard value and minimum guard value) of drawing 8 is set up so that 
a control range may become large. 

[0042] The amount calculation program of amendments of drawing 9 used with this operation gestalt (2) 
changes into processing of step 103a processing of step 103 of the amount calculation program of amendments 
of drawing 6 explained with said operation gestalt (1), and processing of each other step is the same. In the 
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amount calculation program of amendments of drawing 9 , after reading the parameter relevant to the amount of 
emission, or a catalytic-reaction rate at step 102, it progresses to step 103a and responds to the parameter 
relevant to the amount of emission, or a catalytic-reaction rate, and it is proportion / integral gain Kl and K2 by 
the map of drawing 7 and drawing 8 . A control range (an upper limit guard value and minimum guard value) is 
changed. And it is based on output 02out (i-1) and policy objective value 02targ (i) of the downstream exhaust 
gas sensor 25 at the time of an operation last time, and is intermediate objective value 02midtarg (i). After 
computing, Proportion / integral gain Kl set up by the above-mentioned step 103a, and K2 A control range (an 
upper limit guard value and minimum guard value) is used, and it is the upstream target air-fuel ratio AFref. 
The amount AFcomp of amendments (i) It computes (steps 105-107). 

[0043] In addition, at this operation gestalt (2), it is an attenuation factor Kdec. Because of simplification of 
data processing, it is good also as a fixed value. Moreover, intermediate objective value 02midtarg (i) It is 
output 02out (i-1) of the downstream exhaust gas sensor 25 at the time of an operation last time. You may 
make it compute on the 2 -dimensional map which makes a parameter policy objective value 02targ (i). 
[0044] Like this operation gestalt (2) explained above, it responds to the parameter relevant to the amount of 
emission, or a catalytic-reaction rate, and is proportion / integral gain Kl and K2. Even if it changes a control 
range (an upper limit guard value and minimum guard value) It is stabilized and sub feedback control of the 
high response followed with the sufficient response to change of the delay system (the dead time and time 
constant) by the catalyst 23 like said operation gestalt (1) can be performed. The stable emission- gas- 
purification engine performance influenced by neither an engine operation condition nor the condition of a 
catalyst 23 is securable. 

[0045] In addition, you may make it change the control period (operation period of the amount AFcomp of 
amendments (i)) of sub feedback control according to the parameter relevant to the amount of emission, or a 
catalytic-reaction rate. 

[0046] Moreover, you may make it change at least one of the amount of updating of an intermediate objective 
value, an update rate, the control gain of sub feedback control, a control period, and control ranges using the 
parameter (however, parameter relevant to an engine operation condition) irrelevant to the amount of emission, 
or a catalytic-reaction rate. 

[0047] Moreover, the downstream exhaust gas sensor 25 may be replaced with an oxygen sensor, an air-fuel 
ratio sensor (linear A/F sensor) may be used for it, and it may replace the upstream exhaust gas sensor 24 with 
an air-fuel ratio sensor (linear A/F sensor), and an oxygen sensor may be used for it. 
[0048] Moreover, at said each operation gestalt, it is intermediate objective value 02midtarg (i). In case it 
computes, it is output 02out (i-1) of the downstream exhaust gas sensor 25 at the time of an operation last time. 
Although used, it is output 02out (i-n) of the downstream exhaust gas sensor 25 in front of the count of a 
predetermined operation. You may use. 

[0049] In addition, this invention is intermediate objective value 02midtarg (i). It cannot be overemphasized 
that it changes variously that you may change suitably etc. and a formula and the formula of the amount 
AFcomp of amendments (i) can be carried out. 

[Translation done.] 
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[Drawing 9] 



.101 



.102 



103a 



.104 



AO20)=O2midtarsCD— O2out0) 



£ A 02(0= £ AO20-D+ A 02(0 



106 



.106 



ffijE*AFccmp<Otf>*tti 

AFcamp(0=F8atCKlX AOZO+K2X Z A 02(0) 



AO20-l)=AO2(0 

Z AO2a-0=£ A02tf) 



, i — , 



-107 



.108 



[Translation done.] 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje 1 0/2 1/2005 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

"□^COLORED OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REPERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning documents will not correct images 
problems checked, please do not report the 
problems to the IFW Image Problem Mailbox 



